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MAGNETIC TRANSDUCER HAVING A 
PLURALITY OF MAGNETIC LAYERS 
STACKED ALTERNATELY WITH A 

PLURALITY OF NONMAGNETIC LAYERS 
AND A FIXED-ORIENTATION-OF 

MAGNETIZATION LAYER AND THIN FILM 
MAGNETIC HEAD INCLUDING THE 

MAGNETIC TRANSDUCER 

This application claims bene?t from Provisional Appli 
cation No. 60/189,469 ?led Mar. 15, 2000. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to a magnetic transducer and a thin 

?lm magnetic head using the same. More particularly, the 
invention relates to a magnetic transducer and a thin ?lm 
magnetic head using the same, Which can be manufactured 
by a simple manufacturing process and can obtain good 
output. 

2. Description of the Related Art 
Recently, an improvement in performance of a thin ?lm 

magnetic head has been sought in accordance With an 
increase in a surface recording density of a hard disk or the 
like. A composite thin ?lm magnetic head, Which has a 
stacked structure comprising a reproducing head having a 
magnetoresistive element (hereinafter referred to as an MR 
element) that is a type of magnetic transducer and a record 
ing head having an inductive magnetic transducer, is Widely 
used as the thin ?lm magnetic head. 
MR elements include an element using a magnetic ?lm 

(an AMR ?lm) exhibiting an anisotropic magnetoresistive 
effect (an AMR effect), and an element using a magnetic ?lm 
(a GMR ?lm) exhibiting a giant magnetoresistive effect (a 
GMR effect). The GMR ?lm is mainly used in the MR 
element for the reproducing head Whose surface recording 
density exceeds 3 Gbit/inch2. As the GMR ?lm, a “multi 
layered type (antiferromagnetic type)” ?lm, an “inductive 
ferromagnetic type” ?lm, a “granular type” ?lm, a “spin 
valve type” ?lm and the like are proposed. Of these types of 
?lms, the spin valve type GMR ?lm is used for the indus 
trialiZation of a magnetic head. 

The spin valve type GMR ?lm has a stacked structure 
comprising a nonmagnetic layer; a magnetic layer having 
the ?xed orientation of magnetiZation; and a magnetic layer 
having the orientation of magnetiZation changing in accor 
dance With a signal magnetic ?eld, in Which the magnetic 
layers are stacked With the nonmagnetic layer in betWeen. 
Electrical resistance changes in accordance With a relative 
angle betWeen the orientations of magnetiZations of the tWo 
magnetic layers. The spin valve type GMR ?lm obtains the 
rate of resistance change of 2% to 6% (US. Pat. No. 
5,408,377). 

Moreover, a “tunnel junction type” GMR ?lm utiliZing a 
tunnel current passing through a thin insulating layer has 
been recently developed (US. Pat. No. 5,901,018). The 
tunnel junction type GMR ?lm has a structure in Which an 
insulating layer is sandWiched betWeen tWo magnetic layers. 
During the passage of the tunnel current through the insu 
lating layer, electrical resistance changes in accordance With 
the signal magnetic ?eld. The tunnel junction type GMR 
?lm obtains higher electrical resistance as a junction area 
becomes smaller. HoWever, shot noise is caused and thus the 
S/N (signal to noise) ratio becomes loW. Consequently, the 
tunnel junction type GMR ?lm has the limitations of 
improvement in properties of the magnetic head. 
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2 
Therefore, attention has been recently paid to an MR 

element having the so-called CPP (Current Perpendicular to 
the Plane) structure in Which a current is passed through the 
multilayered type GMR ?lm in the direction of stacking 
(Japanese Unexamined Patent Application Publication No. 
Hei 5-275769). The multilayered type GMR ?lm has a stack 
comprising magnetic layers stacked alternately With non 
magnetic layers. The orientations of magnetiZations of the 
magnetic layers change in accordance With the signal mag 
netic ?eld, and thus electrical resistance changes. The 
above-mentioned multilayered type GMR ?lm is disclosed 
in, for example, Japanese Unexamined Patent Application 
Publication No. Hei 4-360009, Japanese Patent No. 
2610376, Japanese Unexamined Patent Application Publi 
cation No. Hei 5-90026, Japanese Unexamined Patent 
Application Publication No. Hei 7-78316 and Japanese 
Unexamined Patent Application Publication No. Hei 
9-180135. According to the multilayered type GMR ?lm, the 
rate of resistance change is about 1% to 10% When the 
current is passed perpendicularly to the direction of stacking 
(Japanese Unexamined Patent Application Publication No. 
Hei 5-90026). The rate of resistance change is about 10% to 
15% When the current is passed in the direction of stacking. 
The above-described MR element has magnetic domain 

control layers for controlling the orientations of magnetiZa 
tions of the magnetic layers in order to prevent so-called 
Barkhausen noise. For example, the multilayered type GMR 
?lm has a pair of magnetic domain control layers on both 
sides in the direction perpendicular to the direction of 
stacking of the GMR ?lm (Japanese Unexamined Patent 
Application Publication No. Hei 9-180135). 

HoWever, a problem exists. A manufacturing process is 
complicated When the magnetic domain control layers are 
formed so as to sandWich the stack therebetWeen in the 
direction perpendicular to the direction of stack as described 
above. Another problem exists. It is preferable that the 
magnetic domain control layers are separated from the stack, 
because the rate of resistance change decreases When the 
current passing through the stack is diverted into the mag 
netic domain control layers. HoWever, a magnetic domain 
cannot be sufficiently controlled in the above-mentioned 
arrangement. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a magnetic 
transducer and a thin ?lm magnetic head, Which can be 
manufactured by a simple manufacturing process and can 
obtain good output. 
A magnetic transducer of the invention comprises a stack 

having a plurality of magnetic layers stacked alternately 
With a plurality of nonmagnetic layers; and a magnetic 
domain control layer formed on at least one side of the stack 
in the direction of stacking, for controlling the orientations 
of magnetiZations of the magnetic layers. 

In a magnetic transducer of the invention, the orientations 
of magnetiZations of the magnetic layers of the stack are 
controlled by the magnetic domain control layer. 

Another magnetic transducer of the invention comprises a 
stack having a plurality of magnetic layers stacked alter 
nately With a plurality of nonmagnetic layers; and a mag 
netic ?eld applying layer formed on at least one side of the 
stack in the direction of stacking, for applying a magnetic 
?eld in a ?xed direction to at least a part of the stack. 

In another magnetic transducer of the invention, the 
magnetic ?eld is applied to at least a part of the stack by the 
magnetic ?eld applying layer. The orientations of magneti 
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Zations of the magnetic layers of the stack are controlled by 
the applied magnetic ?eld. 

Still another magnetic transducer of the invention com 
prises a stack having a plurality of magnetic layers stacked 
alternately With a plurality of nonmagnetic layers; and a 
layer having the ?xed orientation of magnetiZation formed 
on at least one side of the stack in the direction of stacking 
and having magnetiZation ?xed in a ?Xed direction. 

In still another magnetic transducer of the invention, the 
orientations of magnetiZations of the magnetic layers of the 
stack are controlled by action of the magnetiZation of the 
layer ?Xed in a ?Xed direction. 

Preferably, the layer has an antiferromagnetic layer and an 
eXchange coupling layer eXchange coupling With the anti 
ferromagnetic layer. Preferably, the antiferromagnetic layer 
is made of a material containing at least one element in a 
group including Pt (platinum), Ru (ruthenium), Rh 
(rhodium), Pd (palladium), Ni (nickel), Au (gold), Ag 
(silver), Cu (copper), Ir (iridium), Cr (chromium) and Fe 
(iron), and Mn (manganese). 

Preferably, the exchange coupling layer is made of a 
material containing at least one element in a group including 
Fe, Co (cobalt) and Ni. Preferably, an inserted layer made of 
a nonmagnetic material is provided betWeen the layer and 
the stack. Preferably, the inserted layer is made of a material 
containing at least one element in a group including Au, Ag, 

Cu, Ru, Rh, Re (rhenium), platinum and tungsten Preferably, a thickness of the inserted layer is from 1 nm to 

10 nm inclusive. 

Preferably, the stack has a projecting portion facing a 
signal magnetic ?eld. Preferably, a length of the projecting 
portion along the projecting direction thereof is 0.1 pm or 
less. Preferably, a magnetic ?eld capture (or take in) limiting 
portion for partially limiting an effect of a signal magnetic 
?eld is provided in an area on a side of the stack facing a 
signal magnetic ?eld. Preferably, a magnetic ?eld capture 
limiting portion made of a magnetic material is provided at 
a position corresponding to a part of the stack on a side of 
the stack facing a signal magnetic ?eld. 

Preferably, at least one of the plurality of magnetic layers 
contains a material containing at least Co in a group includ 
ing Co, Fe and Ni, or a material containing at least Ni in a 
group including Ni, Co, Fe, Cr, Ta (tantalum), Rh (rhodium), 
Mo (molybdenum), Zr (Zirconium) and Nb (niobium). 
Preferably, at least one of the plurality of magnetic layers 
includes a nickel-containing layer made of a material con 
taining at least Ni in a group including Ni, Co, Fe, Cr, Ta, 
Rh, Mo, Zr and Nb, and a cobalt-containing layer made of 
a material containing at least Co in a group including Co, Fe 
and Ni. 

Preferably, a thickness of each of the magnetic layers is 
from 1 nm to 6 nm inclusive. Preferably, the number of the 
magnetic layers is from 2 to 20 inclusive. Preferably, at least 
one of the nonmagnetic layers is made of a material con 
taining at least one element in a group including Au, Ag, Cu, 
Ru, Rh, Re, Pt and W. Preferably, at least one of the 
nonmagnetic layers is made of a material containing Ni and 
Cr. Preferably, one of the nonmagnetic layers, Which is 
located on one outermost side in the direction of stacking, is 
made of a material containing Ni and Cr. 

Preferably, a thickness of each of the nonmagnetic layers 
is set so as to locally maXimiZe antiferromagnetic coupling 
energy induced betWeen tWo magnetic layers adjacent to 
each other With each of the nonmagnetic layers in betWeen. 
Preferably, the antiferromagnetic coupling energy induced 
betWeen tWo magnetic layers adjacent to each other With 
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4 
each of the nonmagnetic layers in betWeen is from 0.1><10_4 
J/m2 to 2.0><10_4 J/m2 inclusive. 

Preferably, the stack has a plurality of regions into Which 
the stack is divided in the direction of stacking, and at least 
tWo regions of the plurality of regions differ from each other 
in a material or composition of the magnetic layers. 
Preferably, the stack has a ?rst region including the magnetic 
layers made of a material containing at least Ni in a group 
including Ni, Co, Fe, Cr, Ta, Rh, Mo, Zr and Nb, and a 
second region including the magnetic layers made of a 
material containing at least Co in a group including Ni, Co 
and Fe. 

A thin ?lm magnetic head of the invention has a magnetic 
transducer described above. 

Preferably, a thin ?lm magnetic head of the invention 
further comprises a current path for passing a current 
through the stack in the direction of stacking. Preferably, a 
thin ?lm magnetic head further comprises a pair of shield 
layers for sandWiching the stack therebetWeen With a pair of 
gap layers in betWeen, Wherein the shield layers and the gap 
layers function as the current path. 

Other and further objects, features and advantages of the 
invention Will appear more fully from the folloWing descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of a con?guration of an 
actuator arm comprising a thin ?lm magnetic head including 
a magnetic transducer according to a ?rst embodiment of the 
invention; 

FIG. 2 is a perspective vieW of a con?guration of a slider 
of the actuator arm shoWn in FIG. 1; 

FIG. 3 is an exploded perspective vieW of a structure of 
the thin ?lm magnetic head according to the ?rst embodi 
ment; 

FIG. 4 is a plan vieW of a structure of the thin ?lm 
magnetic head shoWn in FIG. 3 vieWed from the direction of 
the arroW IV of FIG. 3; 

FIG. 5 is a sectional vieW of a structure of the thin ?lm 
magnetic head shoWn in FIG. 3 vieWed from the direction of 
the arroWs along the line V—V of FIG. 4; 

FIG. 6 is a perspective vieW of a general structure of the 
magnetic transducer of the thin ?lm magnetic head shoWn in 
FIG. 5; 

FIG. 7 is a sectional vieW of a sectional structure of the 
magnetic transducer shoWn in FIG. 6 vieWed from the 
direction of the arroWs along the line VII—VII of FIG. 6; 

FIG. 8 is a sectional vieW of the magnetic transducer 
shoWn in FIG. 6; 

FIG. 9 is a sectional vieW of a sectional structure of the 
magnetic transducer shoWn in FIG. 7 vieWed from the 
direction of the arroWs along the line IX—IX of FIG. 7; 

FIG. 10 is a sectional vieW of a sectional structure of the 
magnetic transducer shoWn in FIG. 7 vieWed from the 
direction of the arroWs along the line X—X of FIG. 7; 

FIG. 11 is a plot of the correlation betWeen the thickness 
of a nonmagnetic layer and the rate of resistance change; 

FIGS. 12A and 12B are illustrations of the orientations of 
magnetiZations of magnetic layers of a stack of the thin ?lm 
magnetic head shoWn in FIG. 7; 

FIGS. 13A to 13C are sectional vieWs for describing a 
step of a method of manufacturing the thin ?lm magnetic 
head shoWn in FIG. 7; 

FIGS. 14A and 14B are sectional vieWs for describing a 
step folloWing the step of FIGS. 13A to 13C; 
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FIGS. 15A and 15B are sectional views for describing a 
step following the step of FIGS. 14A and 14B; 

FIG. 16 is a sectional vieW for describing a step folloWing 
the step of FIGS. 15A and 15B; 

FIG. 17 is a sectional vieW of a general structure of a 
magnetic transducer of a thin ?lm magnetic head according 
to a second embodiment; 

FIG. 18 is a sectional vieW of a general structure of a 
magnetic transducer of a thin ?lm magnetic head according 
to a third embodiment; 

FIG. 19 is a sectional vieW of a general structure of a 
magnetic transducer of a thin ?lm magnetic head according 
to a fourth embodiment; and 

FIG. 20 is a perspective vieW of another example of a 
structure of a magnetic transducer of a thin ?lm magnetic 
head. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

First Embodiment 

<Structures of MR Element and Thin Film Magnetic 
Head> 

Firstly, a structure of a thin ?lm magnetic head according 
to a ?rst embodiment of the invention Will be described With 
reference to FIGS. 1 to 11. 

FIG. 1 shoWs the con?guration of an actuator arm 2 
comprising a thin ?lm magnetic head 1 according to the 
embodiment. The actuator arm 2 is used in a hard disk drive 
(not shoWn) or the like, for example. The actuator arm 2 has 
a slider 2a on Which the thin ?lm magnetic head 1 is formed. 
For example, the slider 2a is mounted on the end of an arm 
2c rotatably supported by a supporting pivot 2b. The arm 2c 
is rotated by a driving force of a voice coil motor (not 
shoWn), for example. Thus, the slider 2a moves in a direc 
tion X in Which the slider 2a crosses a track line along a 
recording surface of a magnetic medium 3 such as a hard 
disk (a loWer surface of the recording surface in FIG. 1). For 
example, the magnetic medium 3 rotates in a direction Z 
substantially perpendicular to the direction X in Which the 
slider 2a crosses the track line. The magnetic medium 3 
rotates and the slider 2a moves in this manner, Whereby 
information is recorded on the magnetic medium 3 or 
recorded information is read out from the magnetic medium 
3. 

FIG. 2 shoWs the con?guration of the slider 2a shoWn in 
FIG. 1. The slider 2a has a block-shaped base 2d made of 
Al2O3—TiC (altic), for example. The base 2a' is substan 
tially hexahedral, for instance. One face of the hexahedron 
closely faces the recording surface of the magnetic medium 
3 (see FIG. 1). A surface facing the recording surface of the 
magnetic medium 3 is called an air bearing surface (ABS) 
26. When the magnetic medium 3 rotates, air?oW generated 
betWeen the recording surface of the magnetic medium 3 
and the air bearing surface 26 alloWs the slider 2a to slightly 
move aWay from the recording surface in a direction y 
opposite to the recording surface. Thus, a constant distance 
is provided betWeen the air bearing surface 26 and the 
magnetic medium 3. The thin ?lm magnetic head 1 is formed 
on one side (the left side in FIG. 2) adjacent to the air bearing 
surface 26 of the base 2d. 

FIG. 3 is an exploded vieW of the structure of the thin ?lm 
magnetic head 1. FIG. 4 shoWs a plan structure vieWed from 
the direction of the arroW IV of FIG. 3. FIG. 5 shoWs a 
sectional structure vieWed from the direction of the arroWs 
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6 
along the line V—V of FIG. 4. The thin ?lm magnetic head 
1 has an integral structure comprising a reproducing head 1a 
for reproducing magnetic information recorded on the mag 
netic medium 3 and a recording head 1b for recording 
magnetic information on the track line of the magnetic 
medium 3. 
As shoWn in FIGS. 3 and 5, for example, the reproducing 

head la has a stacked structure comprising an insulating 
layer 11, a ?rst shield layer 12, an insulating layer 13, a 
second shield layer 14 and an insulating layer 15, Which are 
stacked on the base 2a' in this order. For example, the 
insulating layer 11 is 2 pm to 10 pm in thickness along the 
direction of stacking (hereinafter referred to as a thickness) 
and is made of A1203 (aluminum oxide). For example, each 
of the ?rst and second shield layers 12 and 14 is 1 pm to 3 
pm in thickness and is made of a magnetic metal material 
such as NiFe (nickel-iron alloy). The ?rst and second shield 
layers 12 and 14 are layers for preventing an in?uence of an 
unnecessary magnetic ?eld on a stack 20 to be described 
later. The ?rst and second shield layers 12 and 14 also 
function as current paths for passing a current through the 
stack 20 in the direction of stack. For example, each of the 
insulating layers 13 and 15 is 10 nm to 100 nm in thickness 
and is made of A1203 or AlN (aluminum nitride). The 
insulating layer 13 is a layer for providing electrical insu 
lation betWeen the ?rst shield layer 12 and the second shield 
layer 14. The insulating layer 15 is a layer for providing 
electrical insulation betWeen the reproducing head 1a and 
the recording head 1b. 

FIG. 6 is a schematic exploded vieW of the structure of the 
reproducing head 1a of the thin ?lm magnetic head 1 shoWn 
in FIG. 3. FIG. 7 shoWs a sectional structure taken along the 
line VII—VII of FIG. 6. FIG. 8 shoWs only an MR element 
of the thin ?lm magnetic head shoWn in FIG. 7. FIG. 9 
shoWs a sectional structure vieWed from the direction of the 
arroWs along the line IX—IX of FIG. 7. FIG. 10 shoWs a 
sectional structure vieWed from the direction of the arroWs 
along the line X—X of FIG. 7. An MR element 110 
including the stack 20 that is a multilayered type GMR ?lm 
is formed betWeen the ?rst and second shield layers 12 and 
14 close to the air bearing surface 26 With ?rst and second 
gap layers 31 and 32 in betWeen. For example, each of the 
?rst and second gap layers 31 and 32 is 2 nm to 30 nm in 
thickness and is made of a nonmagnetic metal material 
containing at least one element in a group including Ta, W, 
Ru, Pt, Re, Rh, Cr, Al, Cu, Au and Ag. The ?rst and second 
gap layers 31 and 32 are layers for shielding magnetic 
coupling betWeen the stack 20 and the ?rst and second shield 
layers 12 and 14. Similarly to the ?rst and second shield 
layers 12 and 14, the ?rst and second gap layers 31 and 32 
also function as the current paths for passing a current 
through the stack 20 in the direction of stacking. 
As shoWn in FIG. 7, the stack 20 has a stacked structure 

comprising seven nonmagnetic layers 21a, 21b, 21c, 21d, 
21e, 21f and 21g and seven magnetic layers 22a, 22b, 22c, 
22d, 22e, 22f and 22g, in Which the nonmagnetic and 
magnetic layers stacked alternately With each other in the 
direction in Which the ?rst and second gap layers 31 and 32 
face each other. 

In the stack 20, the orientations of magnetiZations of the 
magnetic layers 22a to 22g are ?xed by antiferromagnetic 
coupling betWeen the magnetic layers adjacent to each other 
With the nonmagnetic layer in betWeen. Preferably, antifer 
romagnetic coupling energy induced betWeen tWo adjacent 
magnetic layers is 0.1><10_4 J/m2 to 20x10“4 J/m2, for 
example. Too Weak antiferromagnetic coupling causes a loW 
rate of resistance change. Too intense antiferromagnetic 




















